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S (57) Abstract: The invention consists in a device 

= tha concerns the optimization of the cardiac 

gcomcuy in patients with heart failure. Hie dev.« 
compril one or more elastic elements m the rad.^ 
direction towards the inside of the ventncle and 
plastic deformation in a direction that is transversa^ 
to the said ventricle, the element being equipped 
with means for attaching it to the internal wall of 
the ventricle. 
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CARDIOMYOPATHIES 

. i^d a, an endov«..ncuUr devi" 'OP'-"" """"^^ 
The pr=«n. invcnuon ,s .u™d a. an ^^.^^ .^^ ^^^^^^^^ 

..ece. .V .ear, r.,.c aue .0 - -iT- ^ .a 
isch.n«, vaW»U.,. wiO. conse,«« ""-'f""'" „„„„ , .ys,«. for 

ear^om^op... due .„ ^^diomvopaO^s, »-,U,o. an. „^ 

^utar dimension and " ,„ ,^pta.a,io„ and^or 

mecharial ventricular assaance, m cases m 

indicated. rrrrxKs 

Tte cardiomyopathies responsible for J 

idiopathic c^diotnyopath,. valvtJar dtscases, 

congenital diseases). i,„rt and its chambers, decreased systoUc 

Card^n^patMesleadtoth— 

function (ejection fraction), reducea 

•----•^r:!:::;:::ic snrsery ,pe*p. o.-- 

over the Ust t«nty ye.s. ^ostic a,^ tl^ra^ic 

3pec*t medical average ^ expectancy the 

„.lts. and significantly con.*u.dt P ^^^^ 

TOre developed countres. these average life span has led to an 

^ovascnlar d^ became , ^ ohject oft. 

in the ntnnber of pa-ents affected b) he 
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nted One of the characteristics 
„, ^ is a progressive de,enora..n . .eS ^^^^^^^ 

^„„. .he mechar^m or n«=^ "''"t* Ibu J<" » ^ 
al,era,k,n are no. M, known, bu, tave ^ P ^^^^^ ^^^^^ 

which ,he physiological mech^usms respons,* 

J „«npn<atorv dilation of the len <= 
(hypertrophy ai.d compensatory ^^^^.i^y) actuaUy accelerate the process of 

angiotensin and sympathetic nervous system act.>ty) 

progressive ventricular dysfonction. ^ it is considered that these 

Whatever the etiology underlying the ^^^.^J^ ^y^f^.^io^ in the contractility 
compensatory systems lead to a progressive ^^^^^^^ ^ ^^^^ ^^^^^ themselves, 
of cardiomyocNtes and/or an increasmg there is therefore an alteration 

.ft ventncu^ dys^ctio. regardless of ^ 
^thest.ctureoftheheartandaconse.ue.d fon^u^^ ^^^^^^^ ^^^^ 

, ..pe other tl^ the P^^-^^t ^ - the trigger^g of a 

negative mechanical effects. w.th an mcrease m 

— ctivemech^sm.^ P-s .m a picture of 

The progressive dUation of the left 

asymptomatic cardiac dys^ctiontooneof^^^^^^^^^ , 

- mentioned ahove, heart -^^2:;^^ Z I years, and the fo.. .ost 
the most common diagnosis in patients g ^^^^ consequently has a 

frequent cause of hospitalisation in the USA. 

substantial economic impact. _^ ^^^^^ j,y.p^3 grafting 

UntU a few years ago. conventional surgery L ^^^^^^ ^^^^^^^ 

insuchcases. „ansplantation are limited by the smaU number of 

However, the appUcations of h art P ^^^^.^^ ^,^1,,, 

donors (10% of cases), and have larg 
contraindications. ^^j^^m^ 

DESmPIlQHmiffiilAmi^^ feil^e have recently 

New knowledge and new strategies for the treatmen 

proved to be promising. 
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• * .nn he suraicaUy treated in order to 

W..„„c cl-^=a== '"^'y ""°7 ^ .^^ „f hear, failure have always 
Th= prese^e of cardiac d,.6»c,»n ^ >^ ^ ^ 

evaluation and perioperative treaim 

associated with such interventions. ^^^^ ^^^^ stress 

The de— n of isc^^a . ^^^^^^ .^^ , .rtns 

testing makes it possible to expect g 

.^survival and ^proved cardiac fi^- ^ ^ ^^^^^^ ,,e,3e have 

T^e same novel concepts m mterpr g ^^^^ ^^^^^^^^^ by means of 

allowed the use of surgery in more sever ^^^.^^^ ^^^^^^^^ 

~s, s*. '-^l^^^, s^U pro*ic r.gs » 

^ of conservative and reparan ^^^^^ ^^^^ 

rednce.po.e.or-.J-.^^^^^ 
It has been demonstrated that myoc 

ofimproving left ventricular function ,,„,ricular function by means of 



akinetic areas. 
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f ventricular reconstruction from the 

toventricolar pt=ss« x left v««noVe ra ^^^.^^ 
The co»:ep. of Uptoce has been .PPW " ^''^ „f «i„togy, as 

idiopa* dWed eaMio.^P«U.y or d«ed ca,d.o„,opa.hy 

weU as in Chagas' disease. .•„. „f „stricOTe amular devices in order to 

Bofcg has hypothesised .lu. .he appto.»= of 

decompensated patients. uc or theoretical interpretations the 

„.e»r, i. . possi* -J^jrei: P«c.iee or e.per^«.. 

disadvantages of the techniques so far adop 

settings. „rnnoscd in order to increase the 

waU stress. . - ^ aimed at treating a 

Paum appWion No. WO9S2904, deserrbes a 
deeorr^ensatedheanby reducing jaU^r^^^^ ^ 

i,s main taplcn,e„,a.,o.. .Itc d«. ^ ^ 
d«„ a. leas. .™ cardiac chan.ber wau 

describes a me,hod fer positioning .he ^ ^^rior .echni,ue 

M wm be seen beiow. in comparrson »..h ^u, 

:rft::rXl d«..«.ers of ven-nen. seCn . a ^ 
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^ ... . „o. .Uov, a desi^a «auc,io„ ..u*«=d — ">= P"^- °' 

said section. \^ that it may cause a 

. .... . --J^ — 

subsequent disarrangement and cannot easUy oe 

required by the disease. :„,erfere with diastoUc fijnction. 

W098141J6 describes a lamce network .0 be appLe 

^ device bas .be d— e « « ^ ^ ^ ^ _ 

coronary pertaton and can cai.se chrome consmc 

L^™.bca.d>c.op,a..a.n.,.e^-^^^ 
♦ TiQ<;iQ7^14 describes an apical cap inseriea inio 
r r: rriw . .....^ . .,..0.. d^a^. ana * . rea^ 

Patent apphcauon No. W09944534 . ^ ^^v may cause greater volumetric 

constriction, as in the case of the lattice ana 

mentioned above. ^ aUow the 

Furthemiore, the aforesaid bands make up a static 

restoration of optimal ventricular geometry. ^ 

r wn9956655 a method (surgical procedure) tor lei 
In patent application W099566i5 ^^^^^^ 

reshapes is described (similar to the surgical ^^-"-^^^^ , ^ 

■niA material without intrinsic properties of elasticuy. 
using on purpose rigid material witho ^^^^.^^^^ ^^^^^ 

the same potential disadvantages as the ones quoted 

and surgical procedure. ^ ^^^^ 

in patent appUcation WO0006027 ^^^^ ^^^^^^^ 

ventricular waU or to the mitral anulus, that is rigid . 
apparatus with the only purpose of being a restrictive device. 
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, , , us 5 674 280 a valvular annutoptoy ring is described whose mai. 
irlc l r 1.. «ca..d ^ a ,o» .US... a.o, ar. ..re.r= 
with no possible direct activity on ventricular fcnctton. 

mswnmMimmmm possible .oov=rcon« 

The aim of the present inv^ition is to create a devtc. that n,ak«..tposs, 

ineaunoi k . ^ , ,K.HMcribed state of the antenor technique, 

the dravbacks of the devices based on the descrtbed stat 

, consists of a rcsalent endocardial device designed to r^iuce one or •^^' '^^ ^ 
l volume of the vcntHcle, by r^ucin, its -.ral a^tulus and,or e,ua.or.a, 

ZtZ::::^^ — of b.^ ..... dcformable rad^y a. 

plastically detorn»blc anally ^ of aUowing 

Theco^tructtacharacter^tcsofftes^^al ^ 

. -iple and .od.ar J^^J^Udiastolic pressure. »om the 

increasing resiUence that is non-linearly relatea lo ci 

Zl I the diastohc ^. thus avoidin, ^=r volun«trtc constncuon arK. the 

P"-*'— ""r;'°rXrcscnt tavention is tl»t it can be appUed 
A flirther advantage of the devw of the present m 

»,h.„t the need ,0 reduce cardiac mass. 

Its axial plastic defomtability aUows .is adjustment to the endoc 

W venuicle in .he original shape ^^^^ 

::::^i:::r:::::;t.:r^'^^^ 

non-linear law. as an aid to systoUc function 

The said non-linear elasticity aUows the device to act as an ai 

The said Un ^^^.^^ ^ ^^^^^^^^^ ^^^^ 

during the contraction ph^, a^^^f. ^^^^^^^ ^^^^ ^^^^^^ ^^^^^^^ 

^ear law of elasticity mea. ^ ^ ,a^, ,,..tio. the 

in feet although opposmg a progressively & 

in »ci, aim 6 impeding ts expansion within 

- «ce does no. s..ie.^ - J J ^ ^^,,,,3, ^ 

physiological limits, as in the case ol me 
W09944534. 
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- 1 r^f thk device with other epicardial and 

It is possible to combine the implantation ot this device 
"irlc p— (^.^ va,. repuce^n, aon.c va,v 

TepU^nm CABO. e,o, ™ade n=c«sa:y by *e di«as=. and U i. blew- P-b. . 
:^;>,= venuicu-a, on .h= ba.. of .h. — . v„,^e,„c and 

;„™=,.. 0^^^ of ,^ paU«.:s v.«Hc. by ... .be device . d*,.. ways 
(in different numbers and sizes). 
DESCRIPIIONQF THF. FIC^UPES 

Thefiguresmakeitpossibletounderstandbetterthemventiveaspectsofthede^^^^^ 

1 is a cross-section of a ventricular cavity, with the device located . vanous 
positions; 

Figure 2 shows a first type of device; 
Figure 3 shows a second type of device; 
Figure 4 shows a third type of device; 

Figure 5 shows a fourth type of device; 
Figure 6 shows a fifth type of device; 
Figure 7 shows a sixth type of device; 

Figure 8 shows a seventh type of device; ' w ,vial 

Figure 9 shows a cross-section of a ventricular cavity with devices connected by ax^ 

elastic elements; ^.^^^ ^^^^^^^^ 

Figure 10 shows a cross-section of a ventricular cavity 

elastic elements having axial and radial components; 

Figure 1 1 shows a device %vith a covering; 

Figure 12 shows another type of device with a covering 

Figure 1 3 shows another t>pe of de^'ice with a covering. 

Figure 14 shows the means of fixing the device. 

p,^ , sbo». a ve„„ic„,a. oavi.y« venuic. . in wUcK a, *e .op, .be ao«. 9^ 

* or» ine*>rtpd on the endocardium 2 of the 

• -uu. tv,» ripvices of the present invention are insertea on mc 

visible; the devices P substantially elliptical, 

ventricular cavity 1. and consist of devices 6, 7 or 8, Nvhicn 
oscular or asymmetrical . shape (see Figs. 2-8) and are in any case adjustable to 
dCt sectior3, 4 or 3 of the .tern, per^eter of the endocardium 2, . a number 
depending on the characteristics of the dysfimctioning ventricle. 
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^ I ■ tu*> «rp«:eni invention, the devices may 

Have s^pes ^ diff«en, se«»n. ^ ^ ,^ 

shown respecMvely fan, Figure 2 to Figme 8, m order 

fmctionins areas of thevemricle. f.i. „.„,ricte and 

d»ere„ s^s of sdd devices dep«^ o„ .he of *e venmcie and 

ata,on.lBdifferen.diBnK>e'SOfsec.ioiBottesm=««ncle. 

wi,href=re„ce,oFig«re device 6 canbeposUloned o„ .i« d.=n»«r r.U«« .. 
: a...us 3, or device 7 can be posi.io«d on an e,— d.=n».er 4. and 

device 8 can be positioned on the apical diameter 5. 

p- . 7 the devices have a soUd rectangular section, visible m the 

reference .o Figure 3, .he devices have a soUd c^ular secUor. v^bie in ^ 
!l.andn.yheanope„ban4assho™on.he,ea,orac.sedr^.assho™on*e 

"wth reference .0 Fig^e 4. .he devices have a hollo» beilows-to ctoula, secmn. 
"l.re,l-n..beanopenhand,a.si»«non.he,eMrac,^ 

rr:-::tFigure...hedev,cesare»deasope„orc.sedbands.a.fo.n,of 

a flat spring, Which may be continuous or discontinuous. ^ , _ 

;!::LrL.oFig»eMhedev.sarcn^easope„orciosedhand.«.hefennof 

lrd^^.:t:r.e::::^:".^ 

t Ts l elic ^ .he d^cion of .he vc„.Hcu^ r*. .his .cads .0 an 

Figures 7 and 8) and elas. c m .ndovcntticular 
aclive diaslolic expansion m which .he resihence . 

,IW iu radial dilatalion <o a pred«ennin«i «M eaen. and U» 
pressure, aitows '-^ load, .he device returns » 

sinvulMneous accumutalKin of elastic energy 

tts rest^ dta^nsio^. thus operate an acive systoUc return as a result of »s e^» 

Tr^r^tion of e«city .ustrated hy the devices . not i^ar hecause. h, the d^^ 
L thev ntust oppose little resistance against expansion; the elas..,.y of *e nater^ 
Td!^ m -Averse relaUor* - e"^— " ' ™' ^ 
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to ensure that the device opposes greater resistance to dilation as it expand towards its 
maximum diameter, which coincides with the maximum value of end-diastolic pressure. 
The device charged with elastic energy will invert its direction of movement from this 
point of maximum dilatation and begin to contract: being sutured to the endocardial 
wall of the ventricle or running through the myocardial wall, it will exercise a direct 
inward force on the wall itself that will aid the contraction of the ventricle (systoUc 
phase). 

In the implementation shown in Figure 9, the devices 6, 7 and 8 are connected by means 
of elastic elements 10 in order to produce forces of a predetermined intensity along the 
axis of the ventricle 1; the said farces may be symmetrical or asymmetrical. The elastic 
elements 10 are attached to devices 6, 7 and 8 or sutured to the walls of the ventricle 1. 
With reference to Figure 10, the devices 6, 7 and 8 are connected at various points of 
their circumference by means of elastic elements 10, whose radial and axial components 
are designed to produce forces of a predetermined intensity. 

In a preferential implementation, with reference to Figures 10. 11, 12 and 13, they are 
constructed of biocompatible material covered by a sheath or woven covering of 
biological or biocompatible material presenting two lips or lateral flaps suitable for 
suturing; the material constituting the said woven covering can be, for example, 
autologous pericardium or heterologous pericardium, or a non-thrombogenic 
biocompatible material of the t>pes already ejdsting on the market (teflon, dacron, 
silicone). 

It is also possible to construct the devices of biocompatible material of the invention in 
such a way that their transversal dimensions vary along the perimeter, narrowing in 
parts that are suitable for being directly sutured to the endocardium without the need for 
the sheath. 

The method of appUcation of the said devices is to suture the lips of the covering sheath 
usbg detached stitches, possibly U-shaped, reinforced with pladgets of dacron or 
another biological material of the type described. 

Using this method, the stitches do not interfere with the elastic and flexible element 
making up the prosthetic device. 

The suturing must be complete: that is, two circumferential sutures of detached stitches 
for each device, unless the stitches have to be transmural. 
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f rf(.vice is that of a mattress suture accomplished 

elements inside the elastic material or the coverage matenal. 

Bv means of the described device, the foUowing objectives are reached. 

By means oi mc u between the end- 

■ . , Insufficiency by maintaining the physiological 

(b) the elimination of mitral valve insufficiency oy. 

elasticity of the native annulus, 

(c) an aid to systolic fiinction using the intrinsic force of the device, 

(d) pre-modulateddiastoUceKpar.io.-^^^^^^ ^^^^^^^^ ^ 

(e) chronic radiographic control of the device tunci.o 

concept. 
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Claims 



Enaov^^icuW. ^ tor d«« ca,dtayopa,hy ^ ~ J^^^ 

■ of .he .=» vemricuUr cavity (1) wahou. .he removal of eard,ao 

Lacerised by .he 6c. .ha. .he device (6. 7 a.^ S, co..i«s of a, leas, one « 
^se Shape is subsunUaily similar .0 ^ o, .he peri»e.cr o .he pon™ f 
e^diu. .0 w,*h i. is appBcabie. a^i which is respecve, suscep.. le » 
e«c deib^ation ^ a ^di.. direcUon .owards U,e ^e of 
p«. defo™.io„ in a direCioa .ha. is ™. .o Uk said ve„.„c.e he cie™e„ 
Lg quipped »i.h means ,12) tor ..»cl^S U .o 0. h,.enul wall of *e ven.... 
and/or the mitral valve armulus. 

2. Device according .» cWm 1 charaCeHsed hy .he fac. .ha. .he said e.e„e„. is 
covered by a »ove„ covering of hio.og.al or Hocon.pa.ib,e n.a.erul *e s. 
coveri..g presenring a fla. par. a.^ ha^g e^ema, pa,« (.2) ex.end»g and 
proiec^gl-n bo.h sides of .he said ei=»n., d» said pans he^g s..ab,c or 
aJched by *e fla. part of *e covert <o ta,er..a, waii (2, of *e v=n»cie (!) 
airi/or the mittal valve aimulus (3) by means of sulurmg. 

, ■ 1 ,i„r=rterised bv .he fact .ha. .he ma.erial cons.itu.ing 

3. Device according to claim 2 characttnseo oy ine 

the said covering is dacron, .eflon or goretex, 

, ■ ,w>Merised by Uie fac. 4a. Uie biological material 

4. DeAe according to clam 2 charadensea oy uie 

constitming the said covering is human or animal pericardium. 

5. Device acco*g to c^ 1 characerised by the ,.0. .ha, the said el™, is 
■ .,„ipped ^th means for at^C^g i. .0 U» Vernal »all of .he ve«ncle (1) a.^ 

L v^ve annulus (3). .h< said n«ans cons^ing of a. leas, one area of 
l»^g of .he traversal section along to sur^. .he said area o narro^ng 
Ig susceptible to be.g d^.ly sutured .0 .ta said ta.e,™. waU of die venln* 
and/or the mitral valve annulus. 
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to the previous claims characterised by the fact that the said 

6. Device according to the previous v.i 

element consists of closed or open rings. 

1 ■ c characterised bv the fact that the transversal 
7 Device according to the previous claims characteriseaD. 

7. Device acco . elliptical, or semi-circular, 
section of the said element is rectangular, or circular, 

or semi-elliptical. 

tn the previous claims characterised by the fact that the said 

8. Device according to the previous wiou 

element is constituted of closed or open bands. 

^ fr. 1 characterised bv the fact that it is 

9. Device according to the claims from 1 to 7 character . 

constituted of linear strips. 

1 t« ^ rharacterised by the fact that it is 

10. Device according to the claims from I to 5 charactense y 

constituted of closed or open heUcoid springs: 

^ 1 ^ rharacterised by the fact that it is 

11. Device accordmg to the claims from 1 to 5 characterised 

constituted of closed or open planar springs. 

H n. to claim 1 characterised by the feet that the said elastic 

12. Device according to claim i 

i;nPi,r relationship with endoventncular pressure, 
deformation is in a non-bnear relationsnip 

,;n. to claim 12 characterised by the fact that the said elastic 

13. Device according to ciaim 

deformation decreases as endoventricular pressure increases. 

H n. to claim 13 characterised by the fact that the said elastic 

14. Device according to ciaim i-^ 
defomatioa continuously limits diastoUc dilatation. 

Lea a,e tc^orced v.t. p,ad,et, ot^iolo,^. ot — ' 



wo 01/78625 



13 



PCT/lTOl/00156 



^- . I characierised by the feet that the said device consists of 

16. Device according to claim I characienscu / 

„ore than one element radially comiected by elastic members. 

. the fact that the said element includes 

17. Device according to claim 1 characterised by the fact that 

diametrically connected elastic members (10). 

. rUim 17 characterised by the fact that it consists of more than 

18. Device accordmg to claim 17 cnaracieris , 

one element axiaUy connected by elastic members (10). 

1 1 characterised by the fact that the said element is 

19. Device according to claim 1 characterisca y 

• „ thrnnah the myocardial waU for attachmg it. 
equipped with means running through tne myoi- 

appUcaled »ith a mawss satare accomplish^ «.U. u. P 

.^ugh .ke tWCcncs. of ousc* wa. and ^ ^c..„ of «ps 

predetermined measure. 

Hin. to Claim 1 characterised by the fact that any component of the 

rin. or a.c addUion of .d.opa,uc c,e„«-. - 

elastic material or the coverage material. 

w,r. 1 characterised by the fact that the said device is capable 

22. Device according to claim 1 characienscu / 

of ceding elastic energy during the systoUc phase. 

.;n. to claim 1 characterised by the fact that the said device is 

23. Device according to cla^ 1 ^^^^^^^^ ^ .^.^^^^ ^^^^ ^^^^^^ 

p.ovided with one or J^^^^^^^ 

r::rr ^^^^^ 

ofendoventricular pressure in accordance with claimsl2,13andl4. 
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. 1 characterised bv the fact that the said device is 

!r «n,,ic* «U and ^ialy defon^ble in such a wa, as ,o adjus, ,o .he 
of .h. U,. sa« e.n«„u ..and., .nde, .he ..uon o 

I— pressure in accordance ^ » and ,4 and alio™, a 

enaoverancuuu ^ ventricle by means of the said linear 

distribution of v,aU stress in the volume of the ventricle by m 

elastic members. 
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Fig. 9 
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Fig. 10 
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